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Abstract. 

For the synthesis of the heavy, proton rich isotopes in the astrophysical 7-process the precise 
knowledge of a-induced cross sections is of high importance. We have initiated a comprehensive 
study of the ^^Zn-l-a system involving the cross section measurement of different reaction 
channels as well as the elastic scattering at low, astrophysically relevant energies. In this paper 
the experimental technique and some preliminary results of the ^'*Zn(a,p)^^Ga cross section 
measurement are presented. 



1. Introduction 

In various processes of lieavy element nucleosyntliesis, like e.g. in tlie astrophysical 7-process 
[1], the reaction rates are calculated from theoretical cross sections since experimental data are 
scarce. In this mass region the theoretical cross sections are typically obtained from the Hauser- 
Feshbach statistical model. In this model the cross section can be described by a formula similar 
to the Breit-Wigner formula for isolated resonances: 
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where Fin, Fout and Ftot are the widths of the entrance and the exit channels and the total, 
respectively. In the statistical model, transmission coefficients Tj take the role of the widths Fj 
of the Breit-Wigner formalism. If an a-induced reaction is considered, at low, astrophysically 
relevant energies Fin is determined mainly by the Coulomb barrier penetration and can be 
described by a properly chosen a-nucleus optical potential. Low energy optical potentials show 
a significant ambiguity, different global optical potentials lead to largely different reaction cross 
sections when they are used in statistical models (see e.g. [2j). Therefore, the study of the 
a-nucleus optical potential deserves a special attention. 

The optical potential can be studied experimentally by carrying out high precision elastic 
scattering experiment over a broad angular range [3]. The deviation from the Rutherford cross 
section can be compared with the predictions of global optical potentials and local potentials 
can also be constructed. On the other hand, if the elastic scattering cross section measurement 
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Figure 1. Alpha-induced reactions on ®^Zn. The half-hves of the decays of the reaction products 
are also indicated. 



is carried out in the nearly full angular range, it can give direct information on the total cross 
section since the flux which is missing from the elastic channel can be attributed to the sum of 
all non-elastic channels {4J. 

If the cross section of different reaction channels can be measured along with the elastic 
scattering at the same energies, a more complete description of a given reaction can be achieved. 
Therefore a research program has been started for the comprehensive study of the ^'^Zn + a 
system. 



2. Alpha-induced reactions on Zn 

At a typical 7-process temperature of 3GK the Gamow window of the ^'^Zn + a reaction is in 
between 4 and 6.5 MeV. In this energy range only the ^'^Zn(a, 7)^^Ge and ^^Zn(a,p)^''Ga reaction 
channels are open (the first one is exothermic while the latter has a threshold at 4.2 MeV). In 
order to have substantial deviation from the Rutherford cross section, the elastic scattering, 
however, may be measured only at higher energies, where the ^^Zn(a,n)^''Ge channel is also 
open. Figure [T] shows schematically these reactions. In all three cases the reaction products are 
radioactive, thus the cross section can be measured with the activation method. The aim of the 
present work is to measure all three channels as well as the elastic scattering. The first step is 
the measurement of the ^^Zn(a,p)^^Ga reaction. Since the product of the ^^Zn(a,n)^^Ge reaction 
decays with a short half-life to the product of the ^^Zn(a,p)^^Ga reaction, and the separation of 
the two reactions by the decay counting leads to increased uncertainty, the ^^Zn(a,p)^''Ga cross 
section has been measured first below the (a,n) threshold located at Eq, = 9.56 MeV. 



3. Experimental procedure 

Natural isotopic composition zinc targets have been prepared by evaporating metallic Zn onto 
thin Al foil backings. The target thickness has been measured by weighing and in some cases 
checked by Rutherford Backscattering (RBS). Further RES measurements are in progress for 
the target characterization. The targets have been irradiated by the a-beam of the cyclotron 
accelerator of ATOMKI. The beam current was kept below 1 fiA in order not to have target 
deterioration (the target stability was continuously monitored by RBS). In the first experimental 
campaign the cross section has been measured at nine different a-energies between 6.3 and 



^ Some other channels with multiple particle emission are also open, but the cross sections of these reactions are 
typically much weaker than that of the studied ones. 




C 
C 

cc 
sz 

c 

o 

o 



100000- 



10000- 



1000- 



93 keV 



185 keV 




300 keV 



394 keV 




100 -| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

50 100 150 200 250 300 350 400 

Ey/keV 

Figure 2. Typical 7-spectrum taken for 14 hours on the target irradiated with 8.6 MeV o-beam. 
The peaks used for the analysis are indicated by arrows. 



9.5 MeV. The irradiations lasted between 5 and 18 hours depending on the energy. The induced 
activities have been measured by detecting the 7-rays following the electron capture decay of 
the ^^Ga reaction product with a 100% relative efficiency HPGe detector equipped with An 
shielding. The decay of ^''Ga was followed for at least 12 hours by detecting its strongest 7- 
lines at 93.3, 184.6, 209.0, 300.2 and 393.5 keV. The absolute efficiency of the detector has 
been measured with several calibrated sources. Figure [2] shows a typical 7-spectrum taken on 
the target irradiated with 8.6 MeV a-beam. The peaks used for the analysis are indicated by 
arrows. 



4. Results and outlook 

The ^^Zn(Q,p)^'^Ga cross section has been measured below the (Q!,n) threshold in the center- 
of-mass energy range between 5.9 and 8.8 MeV which is at the upper edge and above the 
relevant Gamow window. In this energy range the cross section varies between 3 and 5T0^^b. 
The preliminary results can be seen in Figure [3] where the cross sections are plotted versus 
the cm. energy. Also shown are the calculations carried out by the NON-SMOKER [5] and 
TALYS [6j codes. In general the agreement between experiment and theory is reasonably good, 
although stronger deviations can be found towards lower energies. Further measurements, the 
final analysis of the data and the comparison with theoretical predictions are in progress. 

In principle, the ^^Zn(a, 7)^^Ge reaction can also be studied in the investigated energy range 
by activation. Some experimental difficulties are, however, encountered. The half-life of ^'^Ge 
is relatively long (271 days) making the activity of the irradiated targets rather low. Moreover, 
the decay of ^^Ge is not followed by any 7-emission. Its decay product, ^^Ga is also radioactive 
and emits some 7-rays, but the relative intensity of its strongest 7-line is only 3 %. Thus the 
7-detection based activation measurement of the ^''Zn(a, 7)^^Ge is challenging. Some attempts 
have been made to observe the ^^Ga decay, but only very low statistics could be obtained in 
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Figure 3. Preliminary results of the ^'^Zn(a,p)^^Ga cross section measurement. The 
experimental data as well as predictions obtained with the NON-SMOKER and TALYS codes 
are shown. 



several weeks of counting. To circumvent this problem a different method is planned. Ge has 
long enough half-life to be measured with Accelerator Mass Spectrometry (AMS) technique. 
Some development for such an experiment is in progress at the VERA facility [7J in Vienna, 
Austria. 
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